A new systematic correction for Casimir force measurements is proposed and applied to the results of an experiment that was performed more than a decade ago. This correction brings the experimental results into good agreement with the Drude model of the metallic plates' permittivity.
I. INTRODUCTION
This is a short note reporting a new type of correction to the Casimir force [1] , and the results of its application to my experiment that was performed some 15 years ago [2] .
One might question whether it is worth reanalyzing an experiment that is so very dated, however, this work stands, together with our work with Germanium [3] , as the experiments with the largest plate separations, and are particularly sensitive to a number of fundamental, thermal, and systematic effects. Indeed, [2] led to a resurgence on interest in the Casimir measurement field [4] , and has been discussed in works of varying sophistication, from those presenting revolutionary new ideas [5] to those that indicate that the authors cannot read a graph [6] .
Although my experiment [2] was intended as a demonstration, the deviation between its results and the theory presented by Böstrom and Sernelius [5] remains as a puzzle. Despite years of theoretical work and years of questioning, there has been no satisfactory explanation of the discrepancy. In particular, it would appear that the Drude model must be the correct one to describe the plates, because the so-called Plasma model implies a superconducting boundary condition at zero frequency.
Unfortunately, the raw data that led to [2] is no longer available, however there is enough information in that paper to make a good estimate of the correction. As the correction depends on external factors that were not measured, it is not clear that the raw data would help much in any case. The work reported here was inspired by our recent and ongoing re-measurement of the Casimir force between Au plates, which support the Drude model better than the Plasma model. In the course of our recent work, it occurred to us that timedependent fluctuations between the plates can lead to a correction, much like the surface roughness correction that has been studied by Prof. Mostepanenko and collaborators [6] .
The interesting features of [2] are as follows: The Drude model appears to better describe the long-distance (greater that 1.5 µm) data; The short-distance data appears to agree with the Plasma model prediction. The roughness usually associated with optical surfaces is too small to account for the deviation between the Drude theory and experiment, and seems to have the wrong form as in this case, the discrepancy should falls, as a fraction of the force, as 1/d 2 , where d is the separation between the plates. Thus for the Casimir force alone, the effect should be very short range. In [2], a background potential existed, creating an electrostatic force that was greater than the Casimir force over the measurement range.
Thus, the effects of both forces must be considered together.
II. CORRECTIONS DUE TO VIBRATION AND DISTANCE CALIBRATION

UNCERTAINTIES
The force between two plates, for small variations δ(t) of the distance d is
If we assume that δ(t) represents a stationary random process with zero mean, there are two cases to consider. First, if the correlation time of δ(t) implies frequencies higher than the measurement bandwidth, the term linear in δ(t) does not contribute to anything, while the second order term results in a change in the apparent force,
where δ 2 (t) = δ 2 rms is the mean-square fluctuation. It should be noted that δ rms can have contributions from multiple sources, which, if uncorrelated, can be added in quadrature.
In addition, a finite surface roughness can be included here; the form of Eq. (2) does not distinguish between spatial or temporal roughness.
Second, if the fluctuations frequency is within the measurement bandwidth, which is the case for uncertainties in the distance determination, there will be an excess scatter associated with the force measurement,
while the apparent average force is given by Eq. (2), as before.
III. APPLICATION TO THE EXPERIMENT
In [2], there is a large background electrostatic force that is used for determining the absolute distance, obtained by fitting to β/(d − d 0 ), using points at distances greater than 2 µm. For the approximations here, let us assume that there are no significant corrections at these long distances. Based on Fig. ( 3) of [2], the background electrostatic force is
The total force is the electric plus Casimir force, nm. We can therefore take δ rms = 100 nm as a lower limit. In operating the experiment
[2], the problems with tilt noise were about an order of magnitude worse than our present experiment, consistent with relative size of the rms position fluctuations as discussed here.
Only angular fluctuations at frequencies below the swinging mode frequency will contribute significantly to the relative separation fluctuation between the plates because the magnetic damper tends to stabilize the relative position of the plates. On the other hand, vibrations that cause a net translational motion of the system couple in a different way, and frequencies above the mode frequency can contribute. The angular noise dominates so we neglect translational vibrations in this discussion.
Let us now consider the combined effect of F e (d) and F c (d) for either the Plasma or Drude models of permittivity. The correction to the force is given by Eq. (2), as
It's easy to calculate F Certainly, δ rms depends on time, and the data runs that attained the closest separation were likely obtained when the system and the environment was the quietest. This level of fine tuning is beyond the scope of the brief analysis presented here, and beyond the scope of credibility.
Effects of vibration are important for all Casimir experiments. Even in the absence of external perturbations, AFM cantilevers, for example, exhibit Brownian motion and the effects of such need to be taken into account. The implication is that very stiff springs should be used. In the case of the torsion pendulum experiment, feedback is used to keep the torsion angle fixed; this reduces position fluctuations due to Brownian motion, but can make the system more sensitive to vibrations and tilts, as discussed above. Finally, it must be emphasized that [2] was intended as a demonstration; the results presented here should not be considered as a verification of the Boström/Sernelius theory [5] , or as evidence against the Plasma model, but the discovery of a systematic effect that brings the experimental results into agreement with the theory described in [5] . It is unclear whether additional systematic effects exist, however, it had always been my impression that my experimental result was likely contaminated by additional, possible large systematics [7] . 
V. ACKNOWLEDGEMENTS
The author thanks Alex Sushkov for helpful discussions.
This was funded by Yale University, and DARPA/MTOs Casimir Effect Enhancement project under SPAWAR contract no. N66001-09-1-2071.
[ 
